CP-violating asymmetry in B — > ir + ir K and — ► K + K K decays 
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ABSTRACT 

The recent Belle and Babar measurements of the branching ratios B~ — > tt + it~ K~ and 
B~ — > K + K~K~ and B ± — > XcO-^ have renewed interests in these decays as another 
mean to look for direct CP violation in B decays. In this talk, I would like to discuss 
a recent analysis of the CP violating asymmetry in the partial widths for the decays 
B~ — > it + it~K~ and B~ — > K + K~ K~ , which results from the interference of the 
non resonant amplitude with the resonant amplitude B ± — > XcoK^ 1 — * ^ + ^' -K± and 
B ± — > XcO-f^ - ► K + K~ . For 7 ~ 58° we predict that the partial width asymmetry 
could reach 10% for the B~ — > tt + -k~ K~ decay and 16% for the B~ — > X+_ftT~_ftT~decay. 
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In B decays into 3 light mesons, for example, in B~ — »■ 7r + 7r~7r~ decays, CP asym- 
metry could arise from the interference of the non resonant amplitude with the resonant 
amplitude coming from the decays B~ — > XcO 71 " - — ► XcO — ► it~it~ [1, 2] and an estimate 
for the partial width asymmetry at the XcO resonance was given recently [3]. As there is no 
theoretical prediction for the B~ — > XcO 71 " - decay rate, no firm prediction for the asymmetry 
could be given. It is now possible to make a similar analysis for the CP asymmetries in 
the B~ — > 7T + 7r _ X _ and S~ — ► K + K~ K~ decays using the recent Belle Collaboration 
measurements^, 5] : BR(i?~ -► XcO#"~) = (6.0±f;J) x 10~ 4 , BR(5~ -► K + K~K~) = 
(37.0±3.9±4.4)xl0~ 6 and BR(B" Tr+Tr-^-) = (58.5 ±7.1 ±8.8) x 10~ 6 , and the value 
BR(5^ -► XcO^~) = (2.4 ± 0.7) x 10~ 4 from the Babar Collaboration [6]. In this talk, I 
would like to discuss a recent work [7] on the CP asymmetries to look for direct CP violation 
in these decays. I will present only the main point as details are given in the published 
work. 

The effective weak Hamiltonian for the nonleptonic Cabibbo-suppressed B meson decays 
is given by [8, 9, 10] 
Gf 

H cS = -^[V* s V ub { Cl lu + c 2 2u ) + V c * s V cb ( Cl lc + c 2 2c )] 
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- Y,(i V -by: d ct + V cb V c * s ci + V tb V t * s c t i )O i ] + h.c. (1) 
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where Oi, 2 are the usual tree-level operators and O3 — Oq are the penguin operators. As 
usual with the factorization model we use in our analysis, the hadronic marix elements are 
obtained from the effective Hamiltonian in Eq.(l) with a replaced by a, where q are next- 
to-leading Wilson coefficients. Since 03 and 05 are one order of magnitude smaller than 04 
and ct6, the contributions from O3 and O5 can be safely neglected. For N c = 3, m b = 5 GeV, 
we use[9, 10] : a x = 1.05 , a 2 = 0.07 , a 4 = -0.043 - 0.016 i, a 6 = -0.054 - 0.016 i. The 
matrix element of 0\ for the non resonant B~ — > ir + ir~K~ amplitude is then given by 

< Oi >„ r =< K-{ Pz )TT + {p 1 )TT-{ P2 )\O l \B{p B ) > nr = -[/ 3 m|r nr 

+\h(m 2 B -ml- s)w n + r + i/ 3 (s + 2t-m%- 2m\ - m 2 )w™\ (2) 

where s = (ps — P3) 2 , t = (pb — Pi) 2 and u = (pb — P2) 2 and the form factors and 
r nr - n < ir~( K p l )TT + (p 2 )\(ub)v-A\B~(pB) >nr are computed in the Heavy Quark Effective 
Theory (HQET)[3, 12] with the B,B* propagators in the pole contributions are the full 
propagators. The operator O4 has the same kind of decomposition as 0±, while Oq can be 
rewritten as the product of density operators. We have, in the factorization model: 

< 6 > nr =< K'(p 3 )7r + ( Pl )7r~(p 2 )\0 6 \B(p B ) > nr = -( -^-)[2^m 2 r nr 

. /1/2 / 2 1 2 \ nr f~yfl( . n, 2 o 2 2\ nri fo\ 

H — j—(m B + m 3 - s)w+ H — (s + 2t — m B - 2m{ - m 3 )w_\. (3) 

J3 J3 

The B~ — > K~ir + 7r~ decay amplitude is 
G 

M nr = ^=[V ub V* sai < Oi > nr - V tb V t * s (a 4 < O a > nr + a 6 < 6 > nr )]. (4) 



from which we obtain the non resonant branching ratios: 

BR(B~ -► K-Tr + Tr-) nr = T + P + /icos7 + / 2 sin7. (5) 

with 7 the CP violating weak phase. T = 7.0 x 1(T 6 , P = 7.5 x 1(T 5 , h = -4.3 x 10~ 5 , 
I 2 = -1.5 x 10~ 5 , and 

BR(B- -► K-K + K-) nr = T + P + /icos7 + / 2 sin7. (6) 

with T = 3.4 x 1(T 6 , P = 3.7 x 10~ 5 , Ji = -2.1 x 10~ 5 ,I 2 = -7.4 x 10~ 6 . These 
values should be considered as upper limit for the non resonant branching ratios. The CP 
asymmetry of the total decay rate is 

N 2 + cos 7 A 3 ' v ' 

with TVi = -3.0 x 10" 5 , N 2 = 16.4 x 10" 5 , N 3 = -8.6 x 10~ 5 for B~ -► tt+tt-R- 
decay and TVi = -1.5 x 10~ 5 , N 2 = 8.2 x 10~ 5 , N 3 = -4.2 x 10~ 5 for B~ -► K + K~K~ 
decay. This result is essentially independent of the form factors since in the SU(3) limit, 
< Oq >= (2iB/ms) < Oi >. The resonant contribution is given by 

M(B- - XcoK-) 1 A% c0 - vr+vr"). (8) 

* ""XcO ^ 41 XcO " l XcO 

Using the Belle measured B~ — > XcO-^ - branching ratio [4], we computed the differential 
decay rates and CP asymmetries for the two-pion and two-kaon system in the XcO mass 
region (see Figs.l and Figs. 2 of the published work [7]). For the integrated CP asymme- 
try over the XcO resonance, we find A p (B^ — > K ± tt + tt~) = 7.9 sin 7/(73 — 1.2 cos 7) and 
A p (B ± -► K±K+K-) = 7.2 sin 7/(41 - 5.6 cos 7) . 
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